Introduction
Marine small living things, such as planktons and bacteria, in ballast water taken into overseas vessels are transported to foreign ports by following voyages. They are spread at calls with discharged ballast water. That is threat of adaptation and growth of invasive species to new areas. An infectious risk increases when the ballast water is contaminated with pathogenic Vibrio cholerae 1) . Exotic zebra mussels 2) and toxic dinoflagellates 3) have also been transported via ships' ballast water and successively adapted in new areas. We have examined V. cholerae in thirty-eight of seawater samples taken on board by following a voyage in the vicinity of southeastern Japan from January to May, 2008 4) . So far examined, we couldn't detect the pathogen for all of the samples. Surviving Vibrio cholerae cells, however, have been detected in the ballast water loaded on the vessels arriving to Chesapeake Bay 1) , indicating that continuous survey of seawater in busy ports, where ballast water taken in pandemic areas is discharged, is necessary from the view point of keeping public health. . In the convention, the number of surviving cells of Vibrio cholerae, the serum types of O1 and O139, are limited to less than one colony-forming units (CFU) 100 ml -1 . It is important to determine the survivability of the pathogen after invasion of new habitats. In this study, therefore, a marine non-pathogenic Vibrio sp., which was isolated from a ship's ballast water 6) , was used to estimate the survivability of the pathogen after its invasion of Tokyo Bay. The isolate grew at 37°C and metabolized sucrose as V. cholerae does. The usefulness of a hydrogen peroxide (H 2 O 2 ) solution was discussed for the pasteurization of seawater taken from busy ports in the vicinity of southwestern Japan.
Materials and Methods

Sampling sites
Seawater in busy ports located in the vicinity of southeastern Japan was taken at the air ventilation valve of the seawater pump ( Fig. 1) by following the voyages of the training ship from 2008 to 2010.
All of the samples were kept at 4°C and used within three weeks.
Enumeration of colony-forming marine bacteria and vibrios
Agar plates were used for the estimation of the number of colony-forming cells in seawater samples. Briefly, the The authors used the isolate, Vibrio sp., as a model strain to estimate the survivability of pathogenic V. cholerae after invasion from ballast water discharged into Tokyo Bay. The seawater samples taken from Tokyo Bay were also examined for V. cholerae contamination. All samples tested negative for V. cholerae. As for the survivability of Vibrio sp., the initial number of the cells, in the order of 10 3 to 10 4 colony-forming units (CFU) ml sample was diluted serially with autoclaved seawater, and 100 l each was spread onto an agar plate containing 5 g Bacto peptone (Difco, MD, USA), 1 g yeast extract (Difco, MD, USA), and 15 g of agar per liter of seawater (seawater-based nutrient agar plates). Incubation was carried out at 20°C for 5 days, and the marine bacterial population was estimated by counting colonies on the plates. As for vibrios in the sample, thiosulfate-citrate-bile salts-sucrose (TCBS) agar plates (Eiken Chemical Co., Ltd., Tokyo) were used. After 100 l of the sample was spread onto the plate, it was incubated for 1 day at 20°C. All of the yellow colonies, which could metabolize sucrose, were picked up with autoclaved toothpicks and streaked onto new plates. Those plates were then incubated at 37°C for 1 day. Colonies, if obtained, are the candidate of pathogenic V. cholerae.
Survival estimation of Vibrio sp. cells suspended in fresh seawater taken in Tokyo Bay
The isolate, Vibrio sp. 6) , was grown at 25°C in a medium containing 5 g Bacto peptone and 1 g yeast extract (liter -1 of seawater). Cells in the early stationary phase of growth were harvested by centrifugation (10,000 × g, 5 min) and washed twice with a 50 mM potassium-phosphate (K-Pi) buffer, pH 7.8, containing 0.5 M NaCl. After washing, cells were suspended in the same buffer. Seawater was taken from Tokyo Bay in June, July, and September 2009 and January and March 2010 with a water bottle (Type-C, RIGO, Osaka). After the addition of resting cells of Vibrio sp. into the seawater to give final numbers of approximately 10 3 to 10 4 order (CFU ml -1 ), the samples were incubated at given temperatures that were adjusted to those measured in sampling fields. As a control, resting cells were suspended in the seawater autoclaved. We also checked the indigenous vibrios, which can make colonies and metabolize sucrose on TCBS agar plates at 37°C, in the field samples.
Colony-forming indigenous marine bacterial population and surviving Vibrio sp. cells were counted by the colony-counting method described above.
Pasteurization of seawater by the addition of H 2 O 2 solution
Pasteurization of seawater samples collected in busy ports in the vicinity of southeaster Japan was carried out using H 2 O 2 solution. The indigenous marine bacterial population was exposed to H 2 O 2 for 30 min at given concentrations of 0.0001 to 0.3%. Surviving cells were counted by the colony-counting method using seawater-based nutrient agar plates after 5 days of incubation at 20°C.
Results and Discussion
Seasonal changes in populations of marine bacteria and vibrios in seawater taken on board in Tokyo Bay
Seasonal changes in population as well as the sucrose-metabolized and -non-metabolized vibrios were examined for the seawater samples taken in Tokyo Bay ( . Other five samples (closed symbols) were taken from June to November 2008 for this study. , respectively, for all of the samples. So far examined, no population that could make colonies at 37°C was obtained on TCBS agar plates. The population of marine vibrios reduced slightly with an increase in seawater temperatures, and sucrose-metabolized marine vibrios were less than 0.16% in total bacterial populations for all of the samples taken in Tokyo Bay.
Pathogenic V. cholerae shows tolerance toward bile salts and could metabolize sucrose to make yellow colonies on TCBS agar plates and grow even at 37°C. For all of the samples, no population that could make colonies on TCBS agar plates at 37°C was obtained, indicating that pathogenic V. cholerae has not contaminated in the sampling area.
Estimation of survivability of V. cholerae cells in indigenous population of Tokyo Bay
Overseas vessels sailed from contaminated areas with the pathogenic Vibrio cholerae might spread it with discharged ballast water at a port of call. Therefore, it is important to estimate the surviving ability of the pathogen in the indigenous population. We used Vibrio sp. 6) as a substitute for the pathogen. Survival ability of the cells was examined under competition with the indigenous marine bacterial population. The changes in the numbers of surviving Vibrio sp. cells and the total population are shown in Fig. 3 . When Vibrio sp. cells on an order of 10 3 CFU ml -1 were added into the seawater samples having different indigenous populations of 10 3.5 to 10 6.1 CFU ml -1 , no surviving Vibrio sp. cells were obtained after one week of incubation at given temperatures, except for the one taken on September 19, 2009 (Fig. 3C ). In the sample, surviving cells of 10 1.6 CFU ml -1 remained. Similar results were obtained when the cells of an order of 10 4 CFU ml -1 were suspended in seawater samples. While the seawater had previously been autoclaved, the number of Vibrio sp. cells added was apparently increased in there, regardless of the initial order of the cells. Since seawater contains dissolved organic substances, the cells may depend on them for their existence. In the presence of invasive Vibrio sp. cells, total populations were not at all affected in any of the samples. The same results were confirmed using another seawater samples taken from Nagasaki Port (data not shown). These results indicate that the survivability of the invasive pathogen is quite low in indigenous populations of Tokyo Bay and, therefore, it would be difficult for it to become dominant. Regardless of the results obtained from the bench work, it is obvious to pasteurize seawater loaded on board at a call as ballast prior to its discharge to overboard at a foreign port because toxic dinoflagellates and their cysts have successfully transported and bloomed in geographically isolated areas via ships' operation 3) . Prevention of invasion of exotic species is very important for the conservation of biodiversity as well as the reduction of economic impact of fishery.
Pasteurization of seawater by the addition of H 2 O 2
Various concentrations of H 2 O 2 solution were used to kill all the bacteria in the seawater taken at the four ports in the vicinity of southeastern Japan (Fig. 4) 7, 8) . It is necessary to reduce the concentrations of H 2 O 2 in treated seawater less than non-toxic concentrations of 0.0003% prior to its discharge to overboard in order to protect the indigenous population.
Conclusions
We investigated contamination of pathogenic V. cholerae in seawater samples collected in Tokyo Bay and estimated survivability of the pathogen after invasion. We used sucrose-metabolized and temperature resistant non-pathogenic marine Vibrio sp., as a substitute for V. cholerae, to estimate survivability of the pathogen after invasion of Tokyo Bay. In addition, we determined the minimum concentration of H 2 O 2 required killing all bacteria completely in the samples taken from various ports in the vicinity of southeastern Japan. The results obtained are as follows:
-No pathogenic V. cholerae was detected in any of the seawater samples taken in Tokyo Bay, Japan.
-Vibrio sp. cells used in this experiment did not become dominant in vitro when suspended with the indigenous population.
-By the addition of 0.3% H 2 O 2 as a final concentration in the seawater, bacteria in the samples taken in various ports were completely killed within 30 min.
These results indicate that V. cholerae cells have less potential to survive after invasion of Tokyo Bay with discharged ballast water. Utilization of H 2 O 2 was effective to pasteurize seawater taken in busy ports of the vicinity of southeastern Japan.
